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BE 44 21 600 Al 

Fig. 1 is a cross section of a coaxial laser with the device in fee invention. 

Figs. 2 and 3 show the shape of the beam cross section and the polarization direction within the 
beam cross section for a laser beam before or after it goes through the laser beam-forming device in the 
invention. 

Fig. 4 is an axial top section of the laser beam-forming device. 

Figs, 5 and 6 is a section of an ideal arrangement of the mirrors inside the laser beam-forming 
device that can be made in practice and an arrangement in terms of the figure requirements. 

Figs, 7 to 10 show other embodiments of the laser beam-forming device in the invention. 

Fig. 1 1 discloses a preferred embodiment of the coaxial laser in the invention, in which the laser 
beam- forming device is arranged inside a resonator of the laser. 

According to Fig. 1, a coaxial laser, for example a coaxial waveguide laser, contains hollow 
cylindrical electrodes 2 and 4 arranged coaxially to one another that delineate a hollow-cylindrical 
discharge space 10. Opposite one of the front surfaces of the hollow cylindrical electrodes 2 and 4 is a first 
resonator mirror 6, and opposite the other front surface a second resonator mirror 8 is arranged. The first 
resonator mirror 6 is designed on part of its circumference, for example, half its circumference, as a partly 
transparent mirror 6a and on the other part as a non-transparent mirror 6b. The resonator mirrors 6 and 8 
form a resonator, along with the coaxial waveguide formed by electrodes 2 and 4. The laser beam 12 
coming through the partly transparent mirror 6a and coming out of the resonator has a cross section that is 
also annular-sector-shaped corresponding to the annular-sector-shaped design of the partly transparent 
mirror 6a. 

The resonator mirror 8 is preferably designed as a conical mirror or, as shown in the figure, as a 
rotation paraboloid, in order to effectively couple all areas of the resonator. 

Opposite the partly transparent mirror 6a in the direction in which the laser beam 12 propagates is 
a first mirror 20 whose surface is shaped like a conical sector on the conical axis 30. The axis of the laser 
beam 12 is parallel to this conical axis 30. This first mirror 20 defects the laser beam 12 coming out of the 
resonator by an angle a close to 90°. The angle a corresponds to the angle of aperture of the cone sector. A 
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small angle deviation of 90° is necessary to allow the laser beam 12 to be uncoupled, and should be chosen 
as small as passible within the context of the predetermined geometric conditions. 

The laser beam 14 deflected by the first mirror 20 hits a second mirror 24, whose surface has the 
shaped like a parabolic cylinder, whose line focus coincides with the conical axis 30 of the first mirror. 
The laser beam 16 reflected by this second mirror 24 then has an approximately rectangular cross section 
with constant linear polarization over the cross section. 

Fig. 2 shows the cross section of the laser beam 12 coming out of the resonator and the 
polarization directions 13 for the different areas within this beam cross section. In the figure, it can be seen 
that the polarization direction 13 runs at a tangent and thus varies within the cross section of the beam. 

Compared to one shown in Fig. 3, the laser beam 1 6 reflected by the second mirror 24 has an 
approximately rectangular cross section with a polarization direction 17 that is constant over the whole 
cross section. The laser beam 16 reflected by the second mirror 24 also has these properties if the laser 
beam corning out of the resonator has a radial polarization. 

The top view in Fig. 4 shows that the conical axis 30 coincides with the line focus of the convex 
second mirror 24. This way, the beams !4 focused by the first mirror 20 as a line on the conical axis 30 are 
transformed into beams 1 6 parallel to one another. 

Precisely converting an annular-sector-shaped beam cross section into a rectangular beam cross 
section is only stricdy theoretical with the mirror arrangement in Fig. 5, which contains a first mirror 21 
whose conical angle of aperture is exactly 90°. This mirror 21 produces a deflection of the laser beam 12 
by exactly 90° 7 which makes it very difficult for the laser beam to come out of the laser for structural 
reasons. 

For this reason, in the practical example of embodiment, the conical angle of aperture of the first 
mirror 20 deviates roughly 90°. It can be seen in the cross section in Figure 6 that the deflection of the laser 
beam 12 on the first mirror 20 takes place at an angle a, which deviates by a small angle 8 from 90°. Tn the 
example in the figure, 5 is negative, i.e., the angle a is less than 90°. But the angle a can also be greater 
than 90°. This 90° deviation is necessary to make it possible for the laser beam 16 reflected on the second 
mirror 24 to be able to come out of the resonator. The result is that the cross section of the laser beam 16 
reflected in the second mirror 24 has only approximately the shape of a square. The disadvantages of this 
can be taken into account, however, for small angles 8 up to roughly 20°. 
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Instead of a conical angle of aperture deviating by 90°, the mirror 24 can also be tipped so that the 
line focus and conical axis no longer coincide exactly and the laser beam 16 can come out that way. 

Figures 7 and 8 show another embodiment of a device suitable for forming the beam in the 
invention. This embodiment has a second mirror 26 with a concave curvature. In this example, the conical 
axis 30 also coincides with the line of focus of the second mirror 26, which lies outside the second mirror 
26 in this case. 

In the embodiment in Figures 9 and 10, there is a first mirror 22, whose reflecting surface is 
formed by a cutout that is less than 180*. The size of the cutout must be adjusted in all <mtodiments to the 
size of the laser beam 12 coming out of the resonator in such a way that the whole laser beam 12 is formed. 
Fig. 10 also shows that the conical angle of aperture, and hence angle a is also less than 90*. 

In the example of embodiment in Fig. 1 1 , the beam-forming device made up of a first mirror 
(conical mi rror) 22 and a second mirror (parabolic cylindej^nirror) A4,is.arTangedIm s ajy5g^or.bounded, 
by nuirors 8, 7a and 7b. This mirror 8, like the ex ample of embodiment in Fig. 1, is preferably a parabol ic 
or conical minor . Mi xror 7b, preferably a toroid on a coaxial waveguide tesCT ^caxerelg^^ 
of the discharge space 10 facing it, so that a laser beam with an annular sector-shaped cross se.cj fon jeaches 
the first mirror 22 of the beam-forming device and from there is deflected to the second mixror 2 4. The 
beam 1 6 reflected from the second mirror 24 with a rectangular cross section hits a partly transparent 
muToV7a7t^eSn5iTa plane mirio r, especially a cylinder m 

and part i s ^^ J^^^^^J^J^^ ^^^^ S^^^^' T ^ 1CTe> ^^5 atn reflected back is 
transformed into a laser beamjMthanjmn^^ cross se ction and goes back into the 

waveguide. A flat aefle^o^miTTor 2j)j3jdso^arr^ 1 6 in onc 

preferred embodiment and aligns the beam 16 parallel to the longitudinal axis of the laser. 
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